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43.

45.

Chapter 15 The First and Second Laws of Thermodynamics

AU=Q-W

Q = mcAT = (300 kg)(0.11 kcal/kg - C°)( —40°)(4180 J/kcal) = —5.52 X 10° J
Q = FAL + mgAl

Al = afAT = (11 X 10-4C°)(7.5 m)( —4C°) = —3.3 X 10* m

W = [3.8 X 10° N) + (300 kg)(9.8 m/s)}( -3.3 X 10" m) = - 125 J

AU = =552 X 1057 - (=125]) = =552 X 108 ]

@e=1-TJT,=1- (253 KY(293 K) = 0.137. (,, heat "wastcd"” is
(0.6 kg)[(0.5 kcal/kg- °C)(20°C) + (80 kcal) + (1 kcalkg- °C)(20°C)] = 66.0 kcal.
W= 0 e/l - ¢e) = (10.4 kcal)(4180 J/kcal) = 4,4 X 1¢* 1.

(b) In one second 200 W of the engine produces (66 kcal)(200 J/4.36 X 10* J) = 0.303 kcal
of "freezing."”
Thus time is (0.6 kg)[80(kcalkg) + 1 kcalkg- °C)(25°C))/(0.303 kcal/s) = 208 s or 3,5 min.

Heat wasted is
0. = W(/e — 1) = (750 X 10¢ ¥/s)(1/0.4 - 1)

=1.125 X 10° J/s = 1.125 X 10° ¥s X 1 cal/4.18 ]

= 2.69 X 10? calss.
Volume/time = (2 X 2.4 X 10-* m¥mol)(2.69 X 108 cal/s)/(7.0 cal/molC°®)(7.5C°)]

= 2.46 X 10* m¥s X 8.64 X 10* s/day = 2.12 X 10° m¥%d = 2,12 km¥d

Yes, this will affect the climate.
Area = 2.12 km?/(0.2 km) = 10.6 km?

(@e=1-T/T,=1- (280 K)/(520 K) = 0.462
Q,/time = W(l/e — 1) = (900 X 106 ¥/s)[1/(0.462) — 1] = 1.05 X 10° Vs
AT = Qume = (1.05 X 10° Us)[(1000 kg/m*)(45 m¥/s)(4180 J/kg-C°)] = 5.6C°

(b) ASIm = AQ/mT
AQ/m = cAT = (1.000 kcalkg- C®)(5.58C°)
= 5.58 kcalkg
(5.58 kcal/kg)/(280 k)
19.9 cal/kg®K X (4.18 Jcal) = 83 Jkg:K

AS/m
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Chapter 16

1. The force is inverse square; so F = (480 X 103 N)/(1/8)* = 31 N.

2. Number is (100 X 106 C)/(1.60 X 1019 C) = 6.25 X 10" if we assume charge is negative.

F < (9X10° Nm?/C?) (26)(1.6 X 10-°C)?
- (1.5 X 102 m)?

_9X26X 1.62 X 10°X 10-%
B 2.25X 10-%

F=27X03N

F

4. 20 x 1012 N = @X10° NmHC¥)(1.6 X 10 Cy?

rZ
, 99X 10° X 2.56 X 10~
= 2.0 X 1012
r=107 X108 m

5. F = (9% 10° N . m¥CH(10° C)3 X 10 C)/2 m)* = 68 N.

6. Waler contains 10 protons and, as it is neutral, 10 electrons per molecule.
The number of molecules is (1 kg)/(18 nucleons)(1.67 X 107 kgmucleon) = 3.33 X 10%,
Hence total charge is —(1.60 X 10° C)(3.33 X 10%)(10) = 5,32 X 10’ C.

1. Fiz= (9 X 10°(70 X 106)(48 X 109/(0.35)2 = 246.9 N
Fi3 = (9 X 10°)(70 X 10)(80 X 109/0.7)* = 102.9 N
Fn = (9 X 10°)(48 X 10%)(80 X 10%)/(0.35)> = 282.1 N
Fy= ~F;, + Fi3 = = 114 N (left)
Fy=Fpy+ Fp =+ 529 N _(righ)
Fy= —F,3 - Fj3 = = 385 N (left)

8. Any two repel the third with forces, magnilude equal to
(9 X 10° N-m?/C?) (7 X 10-5C)?
(0.2 m)?

The force by symmeltry bisects the angle and equals
2 X 11.025 N cos 30° = 19.1 N

= 11.025 N
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_ (9% 10° N-m?/C2) (5 X 10°C)?

9 i = = 5
R F, In magnitude F, (075 m)? 4 X 10° N.
D _ (OX 10 N-m?/C?)(5 X103C)? _
% = ©.75% 5075 - 2XICN
Y
F, Yy
\\
~

Resolving in direction of F,, resultant is
F, + 2F, cos 45° = 1,7 X10° N

There are similar results for other charges.

10. Use F, and F, from Problem 9
R = 2F, cos 45° - F, = 3.66 X 10° N

11. (a) Q, = Q, = 01/2, as determined by calculus

(b)Q1=Q7Q2=_Q_T'

12. Place charge distance x beyond -2.3 uC charge on extension of the line joining the 3.8 uC and

—2.3 uC charges. Then attractive force %”L% balances repulsive force

Solving gives x = Q.63 m

K(3.8 puC) @
x +0.18 m)?¥
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13. 0.0, = rF/k = (1.2 m)*(12.0 N)/(9 X 10° N-m¥C?) = 1.92 X 10°C2
O+ Q=90 X 10¢ C
01 + (1.92 X10%)/0, = 90 X 106
02 -90X10%Q, +192X10° =0
0, =552X105C, 348 X 105 C
These are the values for Q; and Q, (55,2 uC, 34.8 uc)
If repulsive, then 0,0, = -1.92 X 102 (2
02-90 X100, - 192 %105 =0
0=1078 X10# C, -1.78 X 105 C

So Q, and Q, are 107,8 uC and -17.8 uC

M. F =gE = (-1.6 X 107 C)@800 N/C) = —_ 1,28 X 10'¢ N, opposite to_direction of E ficld.

F 3.4 N
. = —_= —_—  ~ _ 6
15. =2 =~ sjoec = —l2x 10 NC

E field is opposite to Force, i.e. up.

-16
16. E=§ 4X 10-1N

= —1.6)( 10_19 C =:_2§mM
E field is opposite to Force.

- Ko _9x10 N myc)

e 72 =T (01 m)?

(28 X 106 C) = 2,52 X 107 N/C. up

6 6
18. E=(9x10°Nmz/c2)“8X1(r c] [6><10- C

©0.02 m)? (0.02 m?
=9 X 10° X 3.5 X 102 N/C = 3.15 X 10°* N/C

The field is towards the — 8.0 uC charge, because the — 8 uC is attractive, the 6 uC charge is

repulsive,

E = 3.15 X 10° N/C.

]] =9 X 10°[2 X 102 + 1.5 X 102
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Chapter 16 Electric Charge and Electric Field

At A the two x components cancel and the y component (up) must be calculated from 2 E sin 0,

where 6 = arc tan (5 cm/10 cm) = 26.6°.

Then E = 2(9 X 10° N- m¥C2(sin 26.6°)(@ X 10 C)/(0.05% + 0.10%m? = 2.58 X 105 N/C up.

At B the nearest charge is on a line 6, = 45° and the farthest charge is on a line

6, = arc tan (5 cm/15 cm) = 18.4°.

Thus E, = E, cos 45° — E, cos 18.4°
= (9 X 10° N-m?C?(4 X 10 C)(cos 45°)/(0.052 + 0.052)m? — (cos 18.4°)/(0.05% + 0.159m?]
= 3.72 X 10¢ N/C.

And E, = E, sin 45° + E, sin 18.4°
= (9 X 10° N-m?C»(4 X 10 C)[(sin 45°)/(0.052 + 0.05)m? + (sin 18.4°)/(0.05% + 0.15%)m?]
= 5.55 X 108 N/C.

Hence E = 6.7 X 105 N/C at an angle to the right of 56,2°. This is consistent with the figure.

The resultant electric field is due only to the 38 uC and -24 uC charges on the same diagonal as the
other field cancels.

(38x 10-¢C 24 X 10°¢ C
—_ M 2
E=9X10°N m/Cz)[ %)jmz * (0.35)2m2

= 9,11 X 105 N/C on diagonal away from 38 uC.

If the E field from the two nearest comners is E, and from the diagonal comner is E,,
then E = 2E, cos 45° + E,.

= (9 X 10° N-m?/C?)(250 X 107 C)[[2 L 450] ! ]

©.5m? | {0057+ 0.59m?

= 1,7 X 10 N/C away from center

Eq -(3500N/C)(1.6 X 10 C)

m 9.11 X 1037 kg

= =615 X 10" m/s?
ie. i lied field.

a=
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23. (a) By symmetry, £ = 0 at the centroid since Eo, E,, Ey form an equilateral triangle (and 1t ave
Zero sum).
Hence (x,y) = (£ cos 30°73, (£ + £12)/3)
= (0.289¢, 0.5¢).
(b)
14 Q
45"
L
Q3
L ‘){ 60°
75" kS,
L L
L
QLA BlsN\ 105° 30
E,
E,

L’ = 2L cos 75°

kQ
Elx = F Ely = 0
Ey = 22 cos 45 E,, = 52 sin 45
E,, = kQ cos 75 E. = —XQ sin 75

~ (2L cos 75)2 » 7 (2L cos 75)*

E = kQ 14 08 45 cos 75 _232k0
T L? 2 (2 cos 75)2) — LT

£ - kQ[-sin45 sin75 ] _ 3.96 kQ
YTLY| 2 T @cos75R| T ILF ¢

B = EFEy = MR

an g < 396

- _ o
_2._32'a9—_52xi
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Chapter 16 Electric Charge and Electric Field

(a) B,y = 2 E, =0

En =72 cos 60 Ey = 222 sin 60
Eﬁ—@"—% E = -1512
N

E=17352 a - 120°

E, = +22 cos 30° = +0.866 kQIL?

E, = I’f—?(_l + sin 30°) = —0.5 kQIL?

1
E =[E2 + EX? = kQIL
6 = arc tan (-0.5/0.866) = ~ 30°
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27.

(@a)a =

Chapter 16  Physics: Principles with Applications

g =ma _ (1.67 X107 kg)(9.8 X10* m/s?)
T 0 1.6 X 10-1* C

= 1,02 X 103 N/C.

Let d(km) be distance from center of earth.
Then mg/d® = (mg/81)/(3.80 X 10° — d)?, ie. 9(3.80 X 105 — d) =d.
Hence d = (9/10)(3.80 X10° km) = 3.42 X 105 km.

EQ _ (3.0 X 10* N/C)(1.6 X 10 C)
m - 911 X 103" kg

= 5.27 X 10" m/s?

1 1
v = (2950 = [2 X (5.27 X 1015 m/s?) X(1.6 X 102 m)]? = 1,30 X 10" m/s

(b) Gravity gives g much smaller than q.

(a) There are 14 atoms on the Thyamine and 14 on the Adenine. This gives 14 X 14 pairs of forces

to find and resolve. If we position each atom at (x, y) and (x., ¥.) then we find the X component
of the force to be a sum over all ¢ and a Z(x, — x)/[(x, — x)* + (v, — y)4%? and the Y component
is 2O, - yM(x, — x)* + (. — Y)U2.  The sums can be performed using a computer. To estimate
the force begin with "nearest neighbors,” i.e. O-H bond and N-H bond.

Foy = ke*(0.4)(0.2)/(1.8 X 107° m)2. And Fy = ke2(0.2)(0.2)/(1.8 X 10-10 m)2.

Each force is attraclive. Foy = 5.69 X 1070 N. Fpy, = 2.84 X100 N,

The next most important forces are due to the repulsion of the NN and ON atoms.

Fin = 1.03 X 101 N, Foy = 2.35 X 1010 N.

Taking these forces as all approximately parallel gives F = 515 X 10° N. To estimate the error

1
in this result note that the two H atoms are about [(0.84°)2 + (1.734°)%)% = 1.91 X 10~ m.
This gives a force of repulsion perpendicular to that already calculated of
[£(0.2 €)2/(1.91 X 10-° m)?] sin arc tan(0.8/1.73) = 221 X 101° N and a further repulsion
of 1.22 X 10 N. Thus we now estimate a force of attraction along the line of centers of
about 393 X 10 N =~ 4 X 10® N. Clearly the convergence is quite poor. In practice a
potential curve would be found and differentiated to find the force.

(b) If we just take F = 2, Fyo — 2Fyo + Fay — Fyy We estimate

F =(9 X 10 N-m%C)(1.6 X 10 C)42(0.2)(0.4)/(1.9)2 — 2(0.2)(0.4)/(2.90)>
+ (0.2)(0.2)/(2)* - (0.2)(0.2)/(3y1/107° m)? = 7 X 10° N,

(c) Hence total force is about 105(7.10 X 10 N + 3.93 X 1010 N)2 ~ 55 X105 N = 104 N.

: 1 ,
30. r= e(k/mg)li = (1.6 X 107 O)(9 X 10° N-m¥CHY[(9.11 X 10 kg)/(9.8 m/s?)J? = 5.08 m.
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32.

33.

34.

35.

36.

37.

38.

Chapter 16 Electric Charge and Electric Field

Copper has 29 electrons per atom.

Each atom has mass 63.7 amu,

Therefore, for 3 X 10 kg of neutral copper, we normally have
(3 X 102 kg)(29)/(63.7)/(1.66 X 1077 kg) = 8.23 X 10® electrons.
The number lost (80 X 106 C)/(1.6 X 10-® C) = § X 10%,
Hence f = lost/normal = 6,1 X 10-!°

E = mg/Q = (1.67 X 10-7 kg)(9.8 m/s?)/(1.60 X 10 C) = 1,02 X 10-7 N/C up.
Q = ER¥k = (150 N/C)(6.38 X 106 m)*/(9 X 10° N-m%*C?) = 6,8 X 10° C. The charge is negative.

If the field is zero, there is no force on a test charge. Either both Q, and Q, are negative or both Q,
and @, are positive. Further 1o balance kQ,/(d/3)* = kQ,/(2 d/3)?, ie. Q, = Q./4.

Let E fields due to 1, 2, 3, 4 charges be E,, E,, E,, E,.

Let 12 side be x axis, and 14 side be y axis. Then

E, = (E, - E; — E; + E}) cos 45° and

E, = (E,+E,-E, - E)cos 45°= E =0

E (9 X 10° N-m¥C?»(10¢ C)(1 + 2 — 3 — 4)(cos 45°)/(0.2® m/2)
=13 X 106 N/C, i lel to 41 si

y

F = [(9 X 10°)(0.4)(0.2)(1.6 X 10-°)/(10°)2)[+0.32 — 0.42 — 0.182 + 0.28-2]
= — 2,44 X 10 N, attraclive

mg = EQ = ENe, ie. N = (47/3)(0.02 X 10> m)*(1000 kg/m’}9.8 m/s?)/(150 N/C)/(1.60 X 10-"* C)

=14 X 10",
2 2 2
e =120 = [ B
r r r
kq?
r=

;o (9 X 109)(1.6 X 10-'9)?
T (9.11 X103 (1.1 X 1092

= 2,09 X 10:'° m.
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39. As two charges repel one another along the line joining them the charge must be on this line. s
must be fixed. Then assuming a distance f{ from -Q, a positive charge Q will attract and bala;
the repulsive force F = 3 kQ/ €2 if f = (Q/3Q)/2.

For the -3Q, charge we must have (1 - f) = (Q/Qy)'~
Eliminating f, Q = Qy/[1 + 1/(3)/12 = 0402 Q,; f = 0.366.

40. Consider forces on balls.

. _ kq?
T sin 30 = —(Zx)z'
T cos 30 = (0.028)(9.8).
2
tan 30 = kg

(4x%)(0.028)(9.8)
x = (0.70 m) sin 30 = 0.35 m.

2 _ 4X0.35m2X (0.028 X 9.8 m/2)tan 30
= 9 X 10°
q=294x10¢C
Change of electroscope = 2gq.

= :5,82 uQ.

_9E _ —(84X10° N/CY1.6 X 10°C) _ 5
N, @a=1-- 9aT% T05TES = —1.475 X 10 m/s

vi-u*  0-(2.4X105m/s)?* 5
Za - 3(-1.A5X105 mjs) ~ 12 X1 m

d=

(b) From start 10 where it stops,

v—u_ 0-2.4 X 10°m/s
a = —-1.475 X 10! m/s?

Time elapsed for it to return to starting point is 2¢ which is 3,2 X 102 s.

t = = 1.627 X 10 s
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Chapter 16 Electric Charge and Electric Field

1
tan 0 = afx, r = (2 + a?)?

The electric field will be along the axis, since all parallel components will add, but components

perpendicular to the axis from opposite sides of the ring will cancel.

Let A{ be the length of a small segment.
Total length is 2na.

Charge on Al is AQ = Q(A{[2ma)

Due to AY,

AE I = (kAQ/r¥)cos @ = (kQA L2na)/ri)(x/r)

AE” = (kQx/r)(ALf2ra)
Summing up AE” means summing up Al

But ZA{ = 2ma
So,
E " = kOx/r’(2naf2na) = kQOx/r?

E = 1 Ox
T 4nE, (*+ af

E is along the axis, away from the ring.
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Chapter 17

1. W=gAV = (-80X10¢6CYT5V-0V)=-60X10%].
Here the negative sign indicates that the charge move creates energy.

2. Notice an electron is negatively charged, so it "falls” up a potential gradient.

KE = (-1.60 X 107 C)( 350 V) = 5.6 X 10-17 J.

3. AV=Eye=(42X10"%1)/(-1.6 X 10 C) = — 2,63 kV
The electron "falls” up from low to high potential so B has higher potential.

4. E=Vjd
d = V/E = (24 V)/(600 V/m) = 4.0 cm

5. E = V/d =170 V/(0.006 m) = 2,83 X 10* V/m

6. V =Ed= (800 V/m}(.016 m) = 128 V

7. W=KE=gqV
38keV = (2e)V
V=19 kv

8. Work done overcoming the potential was 18.0 X 104 J - 40 X 104 J = 14.0 X 104 )
V=Wg=(040X10*DN(-3.0X 10°C) = - 467 VY
V.>V,

9. (950 eV)(1.6 X 10¥ JfeV) = (9.11 X 10 kg)v¥/2
v =183 X 107 m/s

10. (20 X 10% eV)(1.6 X 10 J/eV) = (1.67 X 107 kg)v/2
v = 6,19 X 10" m/s

11. V= kQfr = (9 X 10° N-m¥YC)(4.85 X 106 C)/(0.21 m) = 2,08 X 105 V



12,

13.

14.

15.

16.

17.

Chapter 17 Electric Polential and Electric Energy

(@) V = kQfr = (9 X 10° N-m¥C?(1.6 X 10° C)/(0.53 X 10®° m) = 272 V

(b) PE = gV = (~€)(27.2 V) = -272 eV = -4,35 X 1018 ]

Voltage at midpoint is V,

V. = 2(9 X 10° N-m%C?(30 X 106 C)/(0.30 m) = 1.8 X 106 N

Voltage at new position is

Vy = (9 X 10 N-m¥C?»(30 X 10 C)[1/(0.20 m) + 1/(0.40 m)] = 2.025 X 10¢ V
AV =V, -V, =225X10°V

work = QAV = (.20 X 10° C)(2.25 X 10° V) = 0,045 ]

To bring up first electron costs no energy. To bring up second costs ke?/r.
To bring up third costs QV = ¢ 2 kefr = 2 ke¥/r.
Thus W = 3 ke¥r = (3)(9 X 10° N-m%*C?)(1.6 X 10-° C)*(10°® m) = 6.9 X 1078 J.

@V, -V, = kq[l _ ‘11] = (9 X 10° N-m¥/C?)(—2.8 X 10 C) [0]—8

b ]]=7.27X103V

T 065

9 .m2/C2
(b) E, is east and has magnitude ’5‘% = (O M0 I?Olg 3];%8 i) = 39375 N/C

(9 X 10° N-m?/C?) (2.8 X 10°C) _
065 1) = 59645 N/C

E, — E, has magnitude 71470 N/C and points 56.6° N of E.

E, is south and has magnitude =

—kq kq

=G tE-pn
_ka_ kg
VA= " @-b
k k
V,,-VA=ﬁ-kq/b—kq/b+(‘i_—qw
= 2K o 2
Va = Va = iy + B2 = 2kqlid - ) + 1]

(a) Qd = (1.6 X 107)(0.53 X 10 m) = 848 X 10 C-m.

(b) The electrical potential function, which varies inversely as the square of the distance, is zero, as
for every cos 6, there will be a cos (8 + n) or —cos 0 term. In Lhis sense we say the average

dipole moment is zero.
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18. V = kQL cos 6/ = (9 X 10° N-m¥YC2)(4.8 X 10-° C-m)cos 6/(10° m)2 = 0.0432 cos 8 V.
If 0 is zero this corresponds to being nearest to positive charge, that is why V is positive. Thus

() 0.0432 ¥
(b) 0.0432 (cos 45°)V = 0,0305 V
() 6 = 135°.

Voltage is = 0.0305 V.

19. (a) View = (9 X 10° N-m¥/C3(6.6 X 10 O)[ ~1/(9 X 10° m) + 1/(9 X 1.2) X 10 m] = 0,078 Y

(b) Percent error is (V,,,, — VaipoteViem = 0.133 X 100% = 13.3%

20. p = 2p, cos 52°
Hence p; = 495 X 10® C-m = Q/.
Hence Q0 = (4.95 X 10® C-m)/(0.96 X 10-° m) = 0,516 X 10 C,

21. PE = ZQV = —Qkp\fr? + Qkp(r + £ ~ Qkp,(—24/n)/(r)?
using the binomial expansion (r + £)2 ~ (1 - 24irr2.
Thus PE = -2kp,p,/r*, where p, = Q/.

22. Q=VC, C= Q= (2500 X 10 C)/(888 V) = 2.82 uF

23. C=Q/V =(65x%x 1072 C)/(20 V) = 3.25 pF

4. V=0/C= (180X 10% C)/(12,000 X 102 F) = 15 V

25. Q =VC = (12 V(7.5 X 105 F) = 90 uC

26. A = Cdle; = (1 F)(0.0060 m)/(8.85 X 102 C¥N-m?) = X 10% m’
We neglect the difference between vacuum and air,

21. C = gkAld = (8.85 X 102 CN-m?)(2.2)(0.16 m)%/(0.0023 m) = 217 pF
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30.

31.

32.

33.

Chapter 17 Electric Potential and Electric Energy

Q=Cv
AQ = CAV
C = AQ/AV = (16 X 106 C)/(40 V — 28 V) = 133 4F

Q = CV = (eA/d)V = £AV/d
= (8.85 X 102 C¥N-m?)(120 X 10* m?)(28 X 10% V/m)/(0.020 m) = 1,49 X 10* C

E = V/d = (QIC)/d = Q/Cd = (800 X 106 C)/{(30 X 10~ F)(0.0030 m)] = 8,89 X 10> N/C

Q0 =CV = (5.5 uF)(25 V) = 137.5 uC
The capacitances add: C = 5.5 uF + C,

Q=Cv
137.5 uC = (5.5 uF + C(A0 V) = 55 uC + 10 C,
Cz = &M

0, = GV, = (4 uFH(1200 V) = 4800 uC

0, = CV, = (10 uFY750 V) = 7500 uC

Total charge = Q, + Q, = (12300) uC

Capacitances add: C=C, + C; =4 puF + 10 uF = 14 uF
V = Q/C = (12300 uC)/(14 uF) = 879 ¥

Charge on each is

0, =GV =4 uF)879 V) = 3,51 mC

0, = G,V = (10 uF)879 V) = 8.79 mC
E=%CV2=%X 3600 X 102 F X (300 V)2
E=162X106J = 1,62 X 104 J

@cC =84 _ (8.85 X 102 C2/N-m? (20 X 10-2 m)?
S @ x10->m)

C=17TX10"F=18 X10"®F

(800X 10-6 C)?
ZX 1.77 X10-9F)

E=1810J =18 X 10% ]

E = q2/2C =

(b) For mica C_;,, = 7 X 1.77 X 107%, hence
E=1810/7) =2581] =26 X 10?2 J.
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35. If distance d is doubled capacitance is halved. Before E = 0%2C. Now E = Q¥%C.
Hence energy doubles. This is because it takes work to pull the plates apart.

36. E = CV¥2 = Q¥2C = (e,A/)VY2
(@) V — 2V implies E — 4E
(b) 0 — 2Q implies E — 4E

(c) d — 2d implies E — Ef2

37. (@ @, =GV, = (3 uF)(12 V) = 36 uC
E = CV¥2 + CVH2 = 3 uF)(12 V)2 + (5 uF)OVY?2 = 216 ul

(b) Cror =3 uF + 5 uF = 8 uF
V=0/C=(36puC)/@8 prF) =45V
E = Cror V2 = (8 uF)(4.5 V)42 = 81 yJ
(¢) AE =81 puJ — 216 pJ = — 135 uJ

(d) Energy is conserved only because there is 135 uJ of heat generated by the movement of the
charges. Yes.

38. Use Eq 17-9. Energy densily = %&:OE2 = %(8.85 X 102C%N - m?)(150 ;‘;;)2 = 996 X103 ).

39. (a) AE = QAV = (3C)(8.5 X 105 V) = 2,55 X 107 J.

_AQ 255X 1000
®) m = 23T = 7180 J/kg°C x 100°C - LLke.

40. KE = (3/2kT = (3/2)(1.38 X 102 }/K)(273°K)/(1.60 X 10 J/eV) = 3.53 X 10 eV.

—-AV
41. mg = EQ = A_d Q

(9.11 X 10-3? kg) (9.8 m/s2)(0.25 m)

= = 1‘ » ’o - -
Hence AV 16 X105 C 1,39 X 10" V, i.e. very small
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2
aergy stored in a capacitor is 2C

Work done = final energy — initial energy.

g o @+ 3X102 CP- O

2%X6 X10*
Solving,
0 =145%x102C

43. PE = QV = (9 X 10° N-m%C?)(26)(1.6 X 10 C)¥(4.0 X 107 m) = 936 X 106 eV.
So 9.36 MV required.
44. (a) 20 keV, since charges and potential differences are the same.
(b) mv,22 = myH2.
1
vy = VimJm)’
vlv, = 42.8
45, Befo}e the mica, Q = CV = 9000 X 102 F X 12 V = 84000 PC
After mica, C = 49000 PF, Q is now = 588000 PC
" thus, 504000 PC or 5.04 x 107 C flows from battery.
AV
46. Q=CV=~"1= (8.85 X 1072 CYN-m?)(20 X 10% m2)(3 X 105 V/m) = 531 X 108 C.
. ) 3 2
47. (a) The point is beyond the -2 uC charge a distance x such that ———(0'02 i 7= 0

ie. x = 0.089 m = 89 cm from — 2 ucC.

(b) Point is in between distance x from -2 puC charge:
x = 0008 m = § mm from — 2 uC.

32
002 -x x
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48.

49.

50.

Chapter 17  Physics: Principles with Applications

Length of median = L’—[—% = 3(23: L
_—k3Q kQ _ —4kQ 2kQ _ 443 +2 ~ kQ
Vp = T/ kQ/[!é ] 5= AL = - [ A ]kQ = 5.15 T
(=30 K K- kQ
(b) Vs = k(ﬁ/2)L + L/2 2 = —Zﬁ = 3.46 T
K -0) ke _

K-30) , kO 2)kQ kQ
(c) Ve = + = -8+ = 68522
<=7 I " (AL [ ]

They will share the charge. O, = 0, + 0, And have a common voltage.
V = QJC, = 0JC,. Hence Q) = Q1+ CyCy] and O = Qol1 + C/Cil.

= QJ(C, + CH=V,.

_ [2E _ [(2)(15,000 V)(1.6 X 10% C) ,
v,-J-m J 11X 107 kg =7.26 X 10" m/s

. - _(1 = 0.05 m _ 10
Time between plates, { = ol ———7.26 < 107 s 6.90 X 10 s
QAV

Acceleration vertically 1s Ad

(1.6 X 10%° C)(250 V)
= [©.11 X 107 kg)(0.012 m)

v, = at = (3.66 X 1015 m/s3)(6.90 X 10710 5) = 2.53 X 10° m/s

= 3.66 X 105 m/s?

0 = tan™ [%’-] = 1,99°

X

9




51.

Chapter 17 Electric Potential and Electric Energy

Potential at P due to Ag = —24
dne/R? + x2
ZAq

entire ring is simply

AneRET R

since potential is a scalar. The potential due to the
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Chapter 18

1. Q=1Ir= (45 A)X7 h)(3600 s/h) = 1,1 X 10° C.

2. N=ghe =305 _ 625 x 100

0 _ (1000)(1.6 X 10-¥C) _
= ="—fxipss  -4X1'A

4. V =1IR = (0.15 A)3000 Q) = 450 V

6. (a) Since V = IR, if R stays constant, current will drop 10% as well, to 2,70 A.

120 Vv
3A

b)R = X 09 =36Q

It Vvt (1.5 V)(60 s)

_Q_ It _Vve_ = -
T Number = = = Re = T2 Q)(1.6X 1090 - 202X 10

8. V =1IR = (1500 A)(1.8 X 10-° Q/m)(0.03 m) = 8.1 X 10 V

9. I=0/t=epvA. Hence v = (1 A)/(1.6 X 10 C)/A0?/m*)/(x X 10 m?) = 199 X 10° m/s.
We have used vA as the volume swept out in a second. We have also worked out the averag
velocity not speed.

pl _ (1.68 X 10-* Q-m)(3 m)

10. R=F =" %X 10-9?

=285x102Q




